Although lung cancer is one of the greatest threats to human health, its signaling pathway and related genes are still unknown. This study integrates data from three groups of people to study potential key candidate genes and pathways related to lung cancer. Expression profiles (GSE18842, GSE19188 and GSE27262), including 162 tumor tissue and 135 adjacent normal lung tissue samples, were integrated and analyzed. Differentially expressed genes (DEGs) and candidate genes were identified, their expression pathways were analyzed, and the diethylene glycol-related protein-protein interaction (PPI) network was analyzed. We identified 232 shared DEGs (40 upregulated and 192 down-regulated) from the three GSE datasets. The DEGs were clustered according to function and signaling pathway for significant enrichment analysis. In total, 129 nodes/DEGs were identified from the DEG PPI network complex. An improved prognosis was associated with increased Helicase, Lymphoid-Specific (HELLS) and decreased Intercellular adhesion molecule 1 (ICAM1) mRNA expression in lung cancer patients. In conclusion, we used integrated bioinformatics analysis to identify candidate genes and pathways in lung cancer to show that HELLS and ICAM1 might be the key genes related to tumorigenesis or tumor progression in lung cancer. Additional studies are needed to further explore the involved functional mechanisms.
INTRODUCTION
Lung cancer is one of the most leading causes of cancer-related deaths worldwide. In 2016, there were more than 220,000 diagnoses and nearly 158,000 deaths from lung cancer in the United States alone (Siegel, Miller & Jemal, 2016) . There are two main histological types of lung cancer: non-small cell lung cancer (NSCLC) and small cell lung cancer. The former accounts for about 85% of all lung cancer, including squamous cell carcinoma, adenocarcinoma and large cell carcinoma (Siegel, Miller & Jemal, 2018) . Although significant progress has been made in diagnosis and treatment methods in the last 5 years, the overall survival (OS) rate of lung cancer is still less than 15% (Bironzo, Passiglia & Novello, 2019) . Therefore, the molecular mechanisms involved in the development of lung cancer should be studied and clarified in order to improve survival rates.
Gene chip, or gene expression profile, is a genetic detection technology that is particularly useful for screening differential gene expression since it has the ability to rapidly detect all genes expressed in the same sample after the time of sampling (Vogelstein et al., 2013) . The widespread use of gene chips has generated a large amount of core slice data stored in public databases. Useful information has been provided from integrating and analyzing this data. In recent years, a large number of microarray data analyses on lung cancer have been conducted, and hundreds of differentially expressed genes (DEGs) have been identified. However, due to the heterogeneity of the tissue or samples in the existing studies, the results were limited or inconsistent. In cancer tissues, heterogeneity means that cells with different gene mutations may have different biological characteristics. The clinical diagnosis of cancer by pathologists usually relies on limited samples of cancer tissue that do not represent heterogeneity, either between or within patients (Bedard et al., 2013; De Sousa & Carvalho, 2018) .
As a result, reliable biomarkers have not been found in lung cancer. A novel approach to address these shortcomings is to incorporate a comprehensive bioinformatics approach to expression profiling techniques, which is the approach we adopted in this study.
We first downloaded three original microarray datasets, GSE18842 (Sanchez-Palencia et al., 2011) , GSE19188 (Hou et al., 2010) and GSE27262 (Wei et al., 2014 (Wei et al., , 2012 , from the NCBI Gene Expression Synthesis Database (NCBI-GEO, https://www.ncbi.nlm.nih.gov/geo) (Barrett et al., 2005) . Data were obtained from 162 lung cancer cases and 135 adjacent normal tissues. The principles of our dataset selection were as following: (1) the sample size was greater than 50; (2) the samples were all from lung cancer patients and paracancer tissues; (3) these patients had not undergone any other drug intervention; and (4) the purposes of carrying out the gene chip or RNA-seq were to compare and analyze the RNA expression differences between lung cancer patients and paracancer tissues. We screened the corresponding DEGs according to the data processing standards of the Morpheus website and used DAVID, Cytoscape, Metascape (http://metascape.org/) (Zhou et al., 2019) , UCSC (https://genome.ucsc.edu/) (Haeussler et al., 2019) , cBioportal (Gao et al., 2013) , BioCyc (http://biocyc.org) (Latendresse, Paley & Karp, 2012) and Panther (http://www.pantherdb.org) to perform gene ontology and pathway enrichment analysis. We also developed a comprehensive DEG protein-protein interaction (PPI) network and module analysis to identify the central gene of lung cancer using the Search Tool for the Retrieval of Interacting Genes/Proteins database (STRING, http://string-db.org). To identify the central lung cancer genes using string (http://string-db.org), we also developed a comprehensive DEG PPI network and module analysis. Helicase, Lymphoid-Specific (HELLS) and Intercellular adhesion molecule 1 (ICAM1) were identified, and their biological functions and key pathways were enriched to ascertain more accurate and practical biomarkers for the early diagnosis, individualized prevention, and treatment of lung cancer. Finally, we analyzed the expression of HELLS and ICAM1 in lung cancer patients to determine their expression patterns, potential functions, and different prognostic values.
MATERIALS AND METHODS

Microarray data analysis and identification of DEGs
We obtained lung cancer and adjacent tissue gene expression profiles for GSE18842, GSE19188 and GSE27262 from NCBI to GEO, which is a free microarray/gene database repository of high throughput gene expression data. Microarray data for GSE18842 were based on the GPL570 platform ((HG-U133_Plus_2) Affymetrix Human Genome U133 Plus 2.0 Array), and included 46 tumors and 45 controls (submission date: 2 November 2009) (Latendresse, Paley & Karp, 2012) . GSE19188 data were based on the GPL570 platform ((HG-U133_Plus_2) Affymetrix Human Genome U133 Plus 2.0 Array), and included 91 tumor and 65 adjacent normal lung tissue samples (submission date: 25 November 2009) (Hou et al., 2010) . GSE27262 data were based on the GPL570 platform ((HG-U133_Plus_2) Affymetrix Human Genome U133 Plus 2.0 Array), and included 25 pairs of tumor and adjacent normal tissues from LUAD patients (submission date: 11 February 2011) (Wei et al., 2014 (Wei et al., , 2012 . We selected these three datasets for integrated analysis and identified DEGs using a classical t test. The adjusted p values (adj. p) were utilized to correct the occurrence of false-positive results using the Benjamini and Hochberg false discovery rate method by default. In the present study, statistically significant DEGs were defined using values of adj. p < 0.05 and [logFC] > 1 as cutoff criteria (The Gene Ontology Consortium, 2015; Ashburner et al., 2000; Lebrec et al., 2009 ).
Gene ontology and pathway enrichment analysis
Metascape (http://metascape.org/) is an online analysis tool for extracting comprehensive biometric information from huge lists of candidate genes. It not only performs typical genetic terminology enrichment analysis, but also visualizes the relationship between genomic terms, searches for interesting and related genes or terms, and dynamically views genes from their biological functions and pathways. GO analysis and the Kyoto Genomics and Genomics Encyclopedia (KEGG) path analysis were conducted on the selected DEG using the Metascape tool. The enrichment score [−log 10 (p-value)] was significantly ranked with a p-value <0.01 as the cutoff criterion.
Integration of PPI network complex identification
We developed a DEG-encoded protein and PPI network using STRING (http://string-db.org) (Szklarczyk et al., 2019) . The PPI network was constructed using Cytoscape software (version 3.7.1) to analyze the interactions between candidate DEG-encoded proteins in lung cancer (Kohl, Wiese & Warscheid, 2011) . The Node Analyzer was calculated using the Network Analyzer plug-in, which reveals the number of connections used to filter the PPI hub genes. The corresponding protein identified at the central node may be a core protein and key candidate gene with important physiological regulatory functions.
Identification and clinical significance of central genes
Hub genes were identified using CythopCAE's CyoHubBA toolkit. The top 10 central genes with less than 10 degrees were selected. Hierarchical clustering of hub genes in the Cancer Genome Atlas (TCGA) database was constructed using the UCSC Cancer Genome Browser (https://genome.ucsc.edu/). Biological process analysis of the hub gene was performed utilizing the Cytoscape Bionetwork Gene Oncology Tool (BiNGO) plug-in. The frequency of gene changes was assessed using the cBioportal online database (http://www.cbioportal.org/). PPI networks were built using STRING.
Prognosis analysis using Kaplan-Meier plots
The TCGA online database, which contains gene expression data and survival information for lung cancer patients and sequencing and pathological data for 30 different cancers, was utilized to evaluate the prognostic value of DEG expression (The Cancer Genome Atlas Network, 2012). To analyze the OS of patients with lung cancer, 545 patients were assigned to either two groups (high and low expression) or three groups (high, medium and low expression) by median expression and were assessed using Kaplan-Meier survival analysis with hazard ratio, 95% confidence intervals, and log-rank p-value. Only the JetSet best probe set of DEGs was selected to obtain a Kaplan-Meier plot, with the risk number shown below the main plot.
Lung cancer samples
Lung cancer and adjacent normal tissues were obtained after surgical resection of patients with NSCLC being treated at Wuhan University Affiliated Hospital, Hubei Provincial People's Hospital, and Zhongnan Hospital of Wuhan University, China. Informed consent was received by each patient. The study was approved by Wuhan University's Institute of Ethics with certificate number 2018001. It is presumed that informed consent had been obtained for all datasets used from the published literature.
RT-qPCR
Total RNA was extracted from lung cancer cells and tissues using Trizol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). A reverse transcription kit (Vazyme Biotech Co., China) was used to reverse transcribe RNA and mRNA expression was evaluated using the 2 (ΔΔCt) method. Relative gene expression was then calculated and normalized to endogenous glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The primers of GAPDH, HELLS, ICAM1 were purchased from Qingke Biotechnology Co., Ltd., China. The forward and reverse primer sequences are as follows: GAPDH F: 5′-CCTTCCGTGTCCCCACT-3′ and GAPDH R: 5′-GCCTGCTTCACCACC TTC-3′, HELLS F: 5′-CCCTCCTTTCTTCTAGTAATGCAGTT-3′ and HELLS R: 5′-CCCAATCTCTCCCCATGAAAA-3′; ICAM1 F: 5′-GAACCCATTGCCCGAGCTC A-3′ and ICAM1 R: 5′-TGACAGTCACTGATTCCCCGAT-3′.
Cell culture
Human NSCLC cell lines A549, H1299, PC9 and HCC827 and the normal lung epithelial cell line BEAS2B were all bought from the Shanghai Cell Bank of the Chinese Academy of Sciences and were cryopreserved in liquid nitrogen tanks. The cells were cultured in DubCo's MudieEdEdE medium (Hyo Corporation, Salt Lake City, UT, USA) with 10% fetal bovine serum (GiBCO Co., Grand Island, NY, USA) and incubated at 37 C in a 5% CO2 atmosphere.
Statistical analysis
Experimental data were recorded in Excel and analyzed using GraphPad Prism 7. The results were analyzed by a two-tailed t test. Values of p < 0.05 were considered significant differences. Data were expressed as mean ± standard error.
RESULTS
Identification of DEGs in lung cancer
Lung cancer and adjacent normal tissue gene expression profiles for GSE18842, GSE19188 and GSE27262 were obtained from NCBI-GEO. Microarray data for GSE18842 comprised 46 tumors and 45 controls (Sanchez-Palencia et al., 2011) . GSE21815 data comprised 91 tumor and 65 adjacent normal lung tissue samples. GSE27262 data included 25 paired tumor and adjacent normal tissue samples. In total, 2,042, 1,424 and 1,142 DEGs were extracted from the GSE18842, GSE19188 and GSE27262 expression profile datasets, respectively, using adj. p < 0.05 and [logFC] > 1 as cutoff criteria. A total of 232 uniformly expressed genes were identified from the three profile datasets using integrated analysis ( Figs. 1 and 2) . When compared to normal lung tissue, lung cancer tissues included 40 up-regulated genes and 192 down-regulated genes (Table 1) .
Functional and pathway enrichment analysis of DEGs
The functions and pathways of the candidate DEGs were predicted using the Metascape Database (Table 2) (Geiman, Durum & Muegge, 1998) . There were 18 terms and two pathways involved in the DEGs enrichment analysis (Fig. 1A) , and the DEGs were mainly enriched during developmental growth, embryonic morphogenesis, cell-substrate junction assembly, renin secretion, regulation of cell adhesion, myeloid leukocyte activation, mesenchyme development, assembly of cellular components involved in morphogenesis and muscle system processes, in the cell surface receptor signaling pathway involved in cell-cell signaling, positive regulation of protein transport, endodermal cell differentiation, negative regulation of cell proliferation, hemostasis and ameboidal-type cell migration. The GO function and KEGG pathway enrichment analysis of candidate DEGs are shown in Fig. 1 . The enriched terms were closely connected with each other and clustered into intact networks (Fig. 1B) . These results indicate that most DEGs are significantly enriched during cardiomyocyte proliferation, protein binding, and the positive regulation of cell membranes.
DEGs modular analysis with PPI network and hub gene identification
Protein interaction networks have proven to be powerful tools for predicting new essential genes in specific signal transduction pathways. Using the STRING online database and Cytoscape software 13, a total of 232 DEGs were filtered into the PPI network complex.
The PPI network of DEGs was constructed with the most important module obtained using the Cytoscape (Figs. 2B and 2C) . Using the Metascope to analyze the functions of the genes involved in this module, we found that the functions mainly focused on cell division and pre-mitotic stage and mitosis cell cycle transition (Fig. 3 ).
Hub gene selection and analysis
The top 10 node degree genes were MAD2L1, POLQ, HELLS, ANLN, BIRC5, ATAD2, CCNB2, PTK2, ICAM1 and ITGAX (Table 3 ). A network of hub genes and their co-expressed genes were analyzed using the cBioPortal online platform (Fig. 4A) . The analysis of the biological processes of the hub genes, which was constructed using plug-in BiNGO, is shown in Fig. 4C . Hierarchical clustering indicated that the hub genes could differentiate cancer samples from noncancerous samples (Fig. 4B) . These genes may play a significant role in lung cancer development. 
Association between HELLS and ICAM1 expression and prognoses in lung cancer patients
We used the TCGA website to further explore the 10 central genes related to survival of lung cancer patients. According to curve and logarithmic rank test analysis, the elevated level of HELLS mRNA correlated significantly with OS difference in lung cancer patients (Fig. 5) . Interestingly, lower ICAM1 levels also indicated poor prognoses in lung cancer patients (Fig. 6) . After assessing the mRNA levels of ICAM1 and HELLS using the Oncomine online database (https://www.oncomine.org/resource/login.html) (Rhodes et al., 2004 ) (Figs. 7A and 7B), it was indicated that ICAM1 was down-regulated in lung cancer across five differet studies. Furthermore, HELLS expression was upregulated in lung cancer tumors. After HELLS and ICAM1 were identified from these 10 central genes, Gene Expression Profiling interactive analysis (GEPIA; http://gepia.cancer-pku.cn/) was used to validate the selected upregulated and downregulated genes (Tang et al., 2017) . The GEPIA analysis includes data from TCGA and the Genotype Tissue Expression, and provides online gene expression level analysis, survival analysis, and tumor staging analysis for 33 types of cancers, including lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC). The mRNA level of HELLS was evaluated in lung cancer using GEPIA analysis, and the expression of HELLS in lung cancer tissues was significantly higher than in adjacent tissues (p < 0.05) (Fig. 5G ). The expression of ICAM-1 in LUSC was significantly lower than in paracancer tissues (p < 0.05) (Fig. 6G) . A PPI network of ICAM1 and HELLS was constructed using the STRING database. The results indicated that HELLS was associated with other genes in the minichromosome maintenance protein family, such as MCM5, MCM3 and MCM2 (Fig. 7C) . Interactions between ICAM1 and other genes associated with inflammation were also observed in the present study (Fig. 7D) . To further assess the expression of ICAM1 and HELLS, we measured mRNA levels in 79 cases of lung cancer and paired paracancer samples. RT-qPCR results showed that HELLS expression in lung cancer tissues was upregulated when compared with normal tissue, while ICAM1 expression in lung cancer tissues was downregulated when compared with normal tissue. When compared with the normal lung cancer cell line BEAS2B, HELLS mRNA levels in human lung cancer cell lines H1299, A549 and HCC827 were remarkably highly expressed. However, the expression of ICAM1 only decreased in HCC827 when compared with the normal lung epithelial cell line BEAS2B (Fig. 8) .
DISCUSSION
Over the past few decades, experts have explored the causes and underlying mechanisms of lung cancer formation and development through extensive basic and clinical research. However, most previous studies focused on the results of a single genetic event or single cohort study with inconsistent and incomplete results, and the incidence and mortality rate of lung cancer worldwide remain high (Zeng et al., 2019; Ning et al., 2019) . Our study integrated three cohort profile datasets from different studies and used bioinformatics methods to perform an in-depth analysis, identifying 232 frequent changes in DEGS (40 up-regulations and 192 down-regulations) . The 232 DEGs were then allocated to three groups according to GO terminology (molecular function, biological process and cell component) using a variety of methods. GO and KEGG analyses showed significant enrichment in these DEGs based on function and signaling pathway analysis. A PPI network complex was developed for the DEGs to filter the hub genes and dysregulated pathways. To determine the expression pattern, potential function, and different prognostic values of the DEGS, we performed a detailed analysis of the expression of DEGS in lung cancer patients. HELLS (also known as SMARCA6 and PASG) is the main member of the SNF2 chromatin remodeling enzyme family. The human HELLS gene is located in the c3-d1 region of chromosome 10q23-q24, while the mouse homolog is located in the same region of chromosome 19. Related studies have shown that HELLS plays an important regulatory role during normal embryonic development (Sun et al., 2004) and encodes a lymphoid-specific helicase. Other helicases are involved in processes involving DNA strand separation, including replication, repair, recombination, and transcription. Lymphoid-specific helicase has been shown to be involved with cellular proliferation (Geiman, Durum & Muegge, 1998; Lee et al., 2000) . To maintain the DNA methylation pattern of the mammalian genome (Myant & Stancheva, 2008) , HELLS typically interacts with DNA methyltransferases. According to recent research, HELLS also plays an important regulatory role in cell proliferation and, possibly, in the development of cancer (He et al., 2016; Benavente et al., 2014; Teh et al., 2012; Tao et al., 2011) . HELLS is a key epigenetic driver of hepatocellular carcinoma (HCC) and inhibits multiple tumor suppressor genes by promoting the occupancy of nucleosomes of NFR and enhancers to promote HCC progression (Law et al., 2019) . Recent studies have shown that HELLS genes are upregulated in nasopharyngeal carcinoma, retinoblastoma, head and neck cancer, and breast cancer. However, the detailed mechanisms of HELLS in cancer, particularly the reasons for its differential expression and downstream targets, need further research. The present study screened several DEGs in three datasets to reveal that increased levels of HELLS mRNA were significantly associated with poor OS in lung cancer patients, suggesting that HELLS may be a potential novel predictor of prognosis.
Intercellular adhesion molecule 1 (ICAM1) is an important member of the immunoglobulin superfamily. It is a glycosylated transmembrane protein that plays a key role in immune synapse formation, T cell activation, leukocyte trafficking, and various cellular immune responses. A large number of studies have shown that ICAM1 shows higher expression in mesenchymal stem cells such as bone marrow, placenta, fat and periodontal ligament (Brooke et al., 2008; De Francesco et al., 2009; Sununliganon & Singhatanadgit, 2012) . Studies have also shown that ICAM-1 is a marker of human and mouse liver cancer stem cells and is involved in the metastasis of liver cancer cells. Its expression is regulated by the stem cell transcription factor Nanog (Liu et al., 2013) . Reduced expression of ICAM-1 could play a role in the suppression of tumor progression in many cancer cells, such as breast cancer (Ogawa et al., 1998) , gastric cancer (Fujihara et al., 1999) , lung cancer (Kotteas et al., 2014) and colorectal cancer (Maeda et al., 2002) . Additionally, ICAM1 and CD44 may have compensatory effects to maintain the dry characteristics of esophageal squamous cell carcinoma, indicating multiple targeted therapies that can be combined and considered in cancer treatment (Tsai et al., 2015) . Research has demonstrated that ICAM1 is involved in angiogenesis through the regulation of endothelial cell migration (Kevil et al., 2004) . Additional studies have shown that ICAM-1 in the systemic circulation of lung cancer patients can bind to leukocyte-function associated antigen-1 of cytotoxic lymphocytes in the blood, enabling cancer cells to evade immune recognition mechanisms (Kim et al., 2017) . Other studies have shown that cannabinoid-induced ICAM-1 can increase LAK cell-mediated tumor cell killing ability in lung cancer, a novel antitumor mechanism of cannabinoids (Haustein et al., 2014) . From these three datasets, we identified that ICAM-1 is dysregulated in lung cancer. In combination with a series of previous studies, we found that decreased ICAM1 mRNA levels predict poor prognoses in patients with lung cancer (Melis et al., 1996; Haustein et al., 2014; Schellhorn et al., 2015) . Therefore, ICAM1 may be a novel potential therapy target for lung cancer patients.
CONCLUSIONS
In summary, we analyzed multiple cohort datasets and integrated bioinformatics to identify and screen 232 candidate genes, and we constructed a PIP network complex to screen 129 gene nodes and 10 node degree genes in DEGs. We found that elevated HELLS and decreased ICAM1 mRNA levels are predictive of poor prognoses in lung cancer patients, which could significantly improve our understanding of the causes and potential molecular events of lung cancer. However, our findings should be supplemented, and the direction for further research may include related mechanism validation studies. Whether the selected molecules have clinical significance should be verified and discussed. Therefore, further research is required to clarify the exact molecular mechanisms of these genes in lung cancer.
